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Several years ago, Kefalides and Winzler [lii uti-
lized the hydrogen bond-splitting action of concen-
trated urea solution for solubilization of the glomeru-
lar basement membrane in vitro. In search for a rapid
and reliable method of inducing proteinuria in vivo,
we tested the action of concentrated urea in acute
experiments in the dog.
Methods
Mongrel dogs of either sex, weighing 20 to 24 kg,
were anesthetized i.v. with sodium pentobarbital, 25
mglkg of body wt, and infused with 0.9% saline at 8
mi/mm. The left kidney was exposed through a flank
incision. To sample renal venous blood, a PE cathe-
ter was introduced through the jugular vein, passed
across the right atrium into the inferior vena cava,
and manipulated into the left renal vein. A brachial
artery cannula was used to sample arterial blood.
The mean aortic blood pressure was measured
through a femoral artery catheter which was con-
nected to a damped mercury manometer. A Swan-
Ganz balloon catheter was passed into the aorta
through the other femoral artery, and the balloon
was positioned above the origin of the right renal
artery.
Urine was collected separately from the two kid-
neys by means of ureteral catheters. A standard
constant rate infusion clearance technique was used
for measurement of renal clearances of inulin and p-
aminohippurate (PAH). Urine collection periods of
20 to 40 mm were used. After stabilization of plasma
mulin and PAH concentrations, a control urine col-
lection was obtained, associated with left renal vein
and arterial blood sampling. Thereafter, a series of
experimental maneuvers was performed, designed to
stop right and left renal blood flow and to expose the
left (experimental) kidney to a highly concentrated
urea solution. The sequence of the maneuvers was as
follows: 1) inflation of the suprarenal aortic balloon,
followed by a drop in low aortic and renal perfusion
pressure to 0—25 mm Hg; 2) stopping the mainte-
nance infusion for the period of bilateral renal
ischemia; 3) clamping the left renal artery at its origin
from the aorta; 4) injection through a left renal artery
needle of 10 to 12 ml of a 4 M (24%) solution of urea
in 1:1 mixture of autologous plasma and water. In
most experiments, one half of this volume was inject-
ed during the first minute, and the other half was
injected during the subsequent 2 mm. Two additional
minutes were then allowed for urea to remain in
contact with kidney tissue before renal circulation
was restored. Thus, the duration of bilateral renal
ischemia totalled 5 to 6 mm. This was followed by 5)
deflation of the aortic balloon, release of the renal
artery clamp, and restoration of the maintenance
infusion. The diuresis from the right kidney began
immediately after cessation of renal ischemia, while
3 to 10 mm were usually required for restitution of
the left renal urine flow. About 10 to 15 mm later,
post-urea bilateral urine collections were started, and
three clearance periods were obtained in most exper-
iinents. Subsequently, both kidneys were removed
and weighed, and the tissue samples were processed
for optical and electron microscopic studies.
In three dogs, proteinuria was induced under asep-
tic surgical conditions; an indwelling catheter was
placed in the left ureter, the flank wound was closed
surgically, and left renal clearances and protein
excretion rates were first measured 60 to 100 mm
after the injection of urea solution. Then, the dogs
were allowed to recover from anesthesia. On the
following day, they were re-anesthetized, and similar
protein excretion and clearance studies were per-
formed 23 to 24 hr after the induction of proteinuria.
Plasma and urine inulin concentration was deter-
mined by the method of Roe, Epstein, and Goldstein
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[2], PAH concentration was determined by the
method of Waugh and Beal [3], and protein concen-
tration was determined by the Biuret method as
modified by Gornall, Bardawill, and David [4]. In
four dogs, plasma angiotensin II levels were deter-
mined by radioimmunoassay, as described by Dus-
terdieck and McElwee [5]. The urinary protein
fractions were separated by chromatography on
Sephadex G-100 and G-200, and by electrophoresis
on acrylamide gel [6].
Results and Discussion
The data on protein excretion and other functional
characteristics of urea-perfused and contralateral
kidneys are summarized in Table 1. An almost ten-
fold increase in protein excretion rate was noted on
the infused side, in contrast to an unchanged excre-
tion by the contralateral kidney. The clearance of
inulm (C1) decreased markedly in the experimental
kidneys and did not change in the control kidneys.
Clearance of p -aminohippurate (CPAH) decreased
much more on the infused side. Since the extraction
of PAH (EpAH) fell moderately, a considerable de-
crease in total renal plasma flow (CPAH/EPAH), from
172 (sEM) 11 to 111 10 mllmin, could be calcu-
lated for urea-perfused kidneys. After release of the
renal artery clamp, aortic blood pressure rose uni-
formly, from an initial of 123 (sEM) 6 to 142 5,
142 4, and 146 5 mm Hg in three consecutive
post-urea periods. This pressure increase, as well as
a 14% decrease in right kidney CPAH, was probably
due to the observed elevation of plasma angiotensin
II concentration, from a control value of 36 13 to
72 18 pg/ml in the post-urea period (N = 4, P <
0.01).
In three "chronic" dogs, urinary protein excretion
rate (UprotV) of urea-perfused kidneys was 0.2—1.0
mg/mm (mean, 0.5 mg/mm) in the control period;
increased to 2.5—22.9 mg/mm (mean, 12.0 mg/mm),
measured 60 to 100 mm after induction of protein-
uria; and returned to 0.2—0.8 (mean, 0.5 mg/mm)
when examined 24 hr later. The disappearance of
proteinuria, however, was associated with persistent
reduction of C1, and CPAH.
The urinary protein studies by gel filtration on
Sephadex G-200 and G-100 disclosed the presence of
both albumin and y-globulin fractions; with Sepha-
dex G-100, no peaks were observed in the microglob-
ulin zone. Polyacrylamide gel electrophoresis
showed that almost all plasma protein fractions were
recovered in the urine. As a whole, these results
demonstrated a pattern of nonselective proteinuria.
Morphologic examination of urea-perfused kid-
neys disclosed a focal character of the renal lesion:
characteristic reddish patches occupied 10 to 25% of
the total kidney surface area. Typical glomerular
changes within these foci as revealed by light micro-
scopic studies (Fig. 1) included the presence of pro-
tein-like material in the Bowman's space, protein
casts in the tubules, and, where glomeruli were locat-
ed in the center of lesions, intracapilary thrombosis.
The tubular cells appeared normal. Nothing abnor-
mal was noticed in the contralateral kidney. Electron
microscopy of the glomeruli (Fig. 2) revealed epithe-
hal cell changes, such as extensive fusion of foot
processes and their progressive detachment and
destruction, leading to total denudation of the base-
ment membrane. In most severly involved glomeruli,
signs of intravascular platelet thrombosis and epithe-
hal cell necrosis were observed. The basement mem-
brane itself and tubular cells appeared normal. These
findings were confirmed by scan microscopy.
In conclusion, the proposed model of experimental
glomerular lesion has certain potential advantages in
pathophysiological and clinical investigation. It
offers a unique possibility to study proteinuria in the
Table 1. Renal protein excretion and clearance data for urea-perfused (U) and contralateral kidneys (C) (mean values SEM and the number of
observations, in parentheses, are given)a
Control period
Post-urea periods
1 2 3
mgmirr1 U 0.8 0.2 (16)
C 0.6 0.1 (14)
6.3 1.2 (13)
0.4 0.1 (13)
7.2 1.5 (15)
0.6 0.2 (15)
6.5 1.4 (10)
0.6 0.2 (10)
'T m1min' U 0.83 0.19 (16)
C 0.77 0.25 (14)
0.82 0.12 (13)
1.12 0.22 (11)
0.77 0.12 (15)
0.97 0.22 (13)
0.83 0.15 (10)
1.01 0.23 ( 8)
C,,, mlmin1 U 43.1 2.4 (16)
C 44.7 3.5 (14)
28.1 2.5 (13)
41.5 2.8 (11)
27.5 2.3 (15)
44.0 3.2 (13)
29.3 2.5 (10)
46.0 3.5 ( 8)
CPAH U 145 13 (16)
C 143 14(14)
85 9 (13)
118 (11)
79 9 (15)
128 19(12)
77 8 (10)
116 8)
EPAH U 0.85 0.03 (14) — 0.61 0.10 (3) 0.74 0.04(11)
a Abbreviations used are: U, V. protein excretion rate; V, urine flow, C1 and CPAH, clearances of inulin and p-aminohippurate;
EPAH, renal extraction ratio of PAH.
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Fig. 2. Electron micrograph showing a part of the glomerular capillary wall. The outer layer of the basement membrane (BM) is partly
denuded; a large denuded segment has apparently formed through detachment of a cytoplasmic sheet corresponding to fused foot
processes (EP). The urinary space (US) contains membranous debris and wisps of presumably protein-like material. (Ur,ac. lead citrate
stain; magnification, X 21,000).
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Hg. 1. A glomerulus showing homogenous protein-like material in the Bou.',nan's space.
Protein droplets are also present in the proximal tubule, at the right of the glomerulus.
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dog, the species in which previous attempts to pro-
duce experimental nephrotic syndrome using the
aminonucleoside of puromycin were not successful.
The lesion is obtained rapidly and is reproducible
easily. Since it is unilateral, the contralateral kidney,
when subjected to severe ischemia, can be employed
as a useful control. Further functional and morpho-
logic studies would be required to explore more
thoroughly various aspects of urea-induced pro-
teinuria.
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